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ABSTRACT 

Objective: To show long-term trends of smoking 
initiation in Great Britain including unanalysed data and 
assess the impact of early smoking initiation on the lung 
cancer mortality in later ages focusing on birth cohorts. 
Design: Reanalysis of repeated cross-sectional surveys 
conducted 13 times during 1965-1987. 
Setting: Great Britain. 

Participants: Men and women aged 16 years and over 
in each survey. 

Primary outcome measures: Smoking initiation for 
1898-1969 birth cohorts and lung cancer mortality in 
1950-2009. 

Results: In men, 1900-1925 birth cohorts showed 
high smoking initiation (>32%, >50% and >80% at 15, 
17 and 29 years old, respectively). Correspondingly, the 
lung cancer mortality in these cohorts exceeded 1 per 
1 000 at a young age (50-54 years old). In women, 
smoking initiation increased clearly from the 1898 
cohort to the 1925 cohort (2% to 12%, 4% to 24%, 
and 13% to 54% at 15, 17 and 29 years old, 
respectively). Correspondingly, the age at which the 
mortality exceeded 1 per 1000 became younger (75-79 
to 60-64 years old). In both men and women, short- 
term decreases in initiation were seen from the late- 
1920s cohorts. Correspondingly, lung cancer mortality 
decreased. In women, initiation increased again after the 
mid-1 930s cohorts, and mortality increased after they 
became 60-64 years old. 

Conclusions: Clear relationships between smoking 
initiation and lung cancer mortality across birth cohorts 
were observed. Countries with rapid increases in 
initiation in teens should not underestimate the risk in 
the distant future. Because of the long time lags within 
cohorts compared with rapid changes in smoking 
habits across cohorts, age-specific measures focusing 
on birth cohorts should be monitored. 



INTRODUCTION 

Smoking causes many adverse health effects 
including lung cancer, cardiovascular diseases 



ARTICLE SUMMARY 



Article focus 




■ Starting to smoke before 15 years of age greatly 
increased mortality from lung cancer and other 
diseases in cohort studies. 

■ Aavailable data concerning smoking initiation 
and subsequent lung cancer mortality in later 
age by birth cohort are limited in most countries. 

Key messages 

■ The male birth cohorts with high smoking initi- 
ation in their teens had high lung cancer mortal- 
ity, and clear increases in smoking initiation 
among female cohorts corresponded to the 
increases in lung cancer mortality. 

■ Short-term decreases in smoking initiation seen 
from the late-1920s cohorts corresponded to the 
decreases in lung cancer mortality. 

■ In women, smoking initiation increased after the 
mid-1 930s cohorts, and their lung cancer mor- 

i tality increased after 60-64 years of age, sug- 
gesting a long time lag. 

Strengths and limitations of this study 

■ The survey from 1965 in Great Britain provides 
some of the oldest data about smoking initiation, 
and the repeated survey about initiation and mor- 
tality data in enough scale population provide 
stable estimates in this study. 

■ The cumulative initiation in this study was based 
on retrospective questionnaires, and initiation 
may be underestimated in the elderly. j 



and respiratory diseases. Despite its known 
harmful health effects, almost 1 billion men 
and 250 million women in the world smoke. ^ 
The tobacco epidemic has shifted to develop- 
ing countries.^ Furthermore, some countries 
have experienced a rapid increase in smoking 
initiation among teens. ^ Because there are 
long time lags between smoking initiation 
and smoking-attributed mortalities which 
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become apparent only in mid-to-late adulthood, the 
impacts of early smoking initiation tend to be unclear. 

For global public health, it is important to know 
smoking and subsequent mortality data in several birth 
cohorts with various smoking habits. However, available 
data are limited, especially about smoking initiation. In 
Great Britain, the age of smoking initiation was fre- 
quently surveyed between 1965 and 1987,^ but birth 
cohorts were not specified. In this paper, we quantita- 
tively estimated long-term trends of smoking initiation 
and showed the relationship to the lung cancer mortality 
focusing on birth cohorts. 

METHODS 
Smoking initiation 

From 1948 to 1987, the Tobacco Advisory Council con- 
ducted an annual survey on smoking habits in Great 
Britain (England, Wales and Scotland).^ Most of these 
surveys interviewed about 10 000 people. The age of initi- 
ation was reported from the 13 surveys conducted in 
1965, 1968, 1971, 1973, 1975, 1978 and annually during 
1981-1987 as percentages of people who started smoking 
any tobacco by sex and age group at the time of survey. 
Age of initiation was categorised as <14 (1975-1987), 14- 
15 (1975-1987), <16 (1965-1973), 16-17, 18-19, 20-24, 
25-29, >29, 'Don't know' and 'Never smoked for as long 
as a year' (1965-1987). The percentages of 'Don't know' 
were <5% in women, <6% in men aged <35 years and 
<11% in older men, and we excluded this category in the 
analysis. For initiation data, age at the time of survey was 
categorised as 16-19 (1965-1987), 20-24 (1965-1987), 
25-34 (1965-1975), 25-29 (1975-1987), 30-34 (1981- 
1987), 35-59 (1965-1975), 35-49 (1981-1987), 50-64 
(1981-1987), >59 (1965-1975) and >64 (1981-1987). We 
defined the birth year using the median age or next 
larger integer; thus, people aged 16-19 years in 1987 
were defined as the 1969 birth cohort (1987 minus 18). 
For the categories >59 and >64, the median age was esti- 
mated from population statistics.^ We excluded the data 
for 35-59 years of age because the range was too wide. 
We calculated the cumulative proportion of people who 
began smoking by specified ages. Then, for each birth 
cohort, except for cohorts that had no observations, we 
estimated cumulative initiation by taking an average of 
the data in a time window of 5 years as a smoothing 
method. For example, cumulative initiation of the 1967 
birth cohort is estimated from the average of the data for 
the 1965-1969 birth cohorts. In the age categories of >59 
or >64, cumulative initiation and birth years were esti- 
mated by taking an average of data for the periods of 
1965-1968, 1971-1975 and 1981-1987. These cover the 
1898-1969 cohorts. 

Smoking prevalence 

To show changes in age-specific prevalence with birth 
year, we used data from the annual survey of the Tobacco 
Advisory Council in 1948-1975 and the General 



Household Survey in 1972-2005 conducted in Great 
Britain.^ ^ Most of the surveys of the Tobacco Advisory 
Council interviewed about 10 000 people, and the 
General Household Survey interviewed 12 000 house- 
holds or more. We used prevalence reported annually for 
16-19 and 20-24-year-olds in 1948-1975, and 50-59-year- 
olds for 18 years during 1972-2005. We used prevalence 
of all tobacco products except for women in the survey of 
the Tobacco Advisory Council. For them, we used preva- 
lence of manufactured cigarettes, as few women smoked 
products other than cigarettes and the prevalence of all 
tobacco products was not reported for several years. The 
prevalence included occasional smokers. In the same 
manner as the smoking initiation, we defined birth year 
and estimated the average prevalence. These surveys 
cover the 1917-1987 cohorts. 

Lung cancer mortality 

We calculated annual lung cancer mortality rates 
between 1950 and 2009 in Great Britain based on data in 
England and Wales and data in Scotland from the WHO 
Mortality Database.^ We used mortality categorised as 
5 year age groups from 35-39 to 80-84 years of age. We 
defined participants who were 80-84 years old in 1950 as 
the 1868 birth cohort. For each birth cohort, we took an 
average of the data from the birth cohorts within 1 year. 
These data cover the 1868-1972 birth cohorts. 

Statistical analysis 

We showed changes with birth year in the cumulative 
smoking initiation, smoking prevalence and lung cancer 
mortality at specified ages. Trends including peaks and 
troughs in these indicators were assessed. Lung cancer 
mortality in later ages has been already observed up 
until the mid-1 920s cohorts. 

RESULTS 

Table 1 shows cumulative smoking initiation by sex and 
birth cohort. Men in the 1900 cohort, the oldest cohort 
with available data, showed the highest initiation and the 
1900-1925 cohorts showed high initiation (>32%, >50% 
and >80% at 15, 17 and 29 years old, respectively). 
Generally, from the 1900 cohort to the 1955 cohort, initi- 
ation decreased successively with birth year except for the 
15-year-old or younger age group. The oldest cohort for 
women, the 1898 cohort, showed the lowest initiation. 
Initiation increased clearly from the 1898 cohort to the 
1925 cohort (2% to 12%, 4% to 24%, and 13% to 54% at 
15, 17 and 29 years old, respectively). From the 1925 
cohort to the 1955 cohort, initiation was stable at 24 and 
29 years of age but increased at younger ages. 

Figure 1 and figure 2 show changes with birth year in 
cumulative smoking initiation, prevalence and lung 
cancer mortality by age for men and women, respectively. 
In men, mortality increased rapidly from the 1870 cohort 
to the 1905 cohort. In the 1870 cohort, the mortality was 
already over 1 per 1000 in the 80-84 age group. In the 
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Table 1 Cumulative smoking initiation by birth cohort (1898-1965) from the survey of the Tobacco Advisory Council, Great 
Britain, 1948-1987 

Men Women 

Cumulative initiation (%) Cumulative initiation (%) 



Birth Age (years) Birth Age (years) 



cohort 


13 


15 


17 


19 


24 


29 


cohort 


13 


15 


17 


19 


24 


29 


1900 




34 


58 


70 


83 


86 


1898 




2 


4 


7 


11 


13 


1906 




34 


58 


70 


82 


84 


1904 




3 


7 


10 


17 


20 


1913 


11 


32 


51 


63 


76 


80 


1911 


1 


6 


12 


17 


26 


41 


1925 


12 


33 


51 


66 


77 


80 


1925 


2 


12 


24 


36 


49 


53 


1935 




23 


47 


65 


74 




1935 




8 


23 


37 


48 




1945 


9 


29 


51 


61 


68 


67 


1945 


3 


13 


32 


44 


52 


52 


1955 


10 


29 


47 


55 


59 


60 


1955 


5 


21 


38 


47 


51 


53 


1965 


13 


32 


45 


49 






1965 


8 


24 


37 


44 







1900-1925 cohorts, which showed the high smoking initi- 
ation, the mortality exceeded 1 per 1000 at younger age 
(50-54 years old). After the early-1900s cohorts, the mor- 
tality decreased, and especially rapid decreases were seen 
between the late-1920s and the mid-1 930s cohorts. 
Correspondingly, the short-term troughs in initiation and 



prevalence in 16-19 and 20-24 years old were seen in the 
mid-1 930s cohorts. 

In women, mortality increased from the 1870 cohort to 
the mid-1 920s cohorts. Up until the early-1890s cohorts, 
the mortality was below 1 per 1000 even in 80-84-year- 
olds. From the 1898 cohort to the 1925 cohort, smoking 
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Figure 1 Changes with birth year in cumulative smoking 
initiation, prevalence and lung cancer mortality by age for 
British men. Data are from the survey of the Tobacco Advisory 
Council (TAC) in 1965-1987 for initiation, the survey of the 
TAC in 1948-1975 and the General Household Survey in 
1972-2005 for prevalence, and the WHO mortality database 
for lung cancer mortality in 1950-2009. 
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Figure 2 Changes with birth year in cumulative smoking 
initiation, prevalence and lung cancer mortality by age for 
British women. Data are from the survey of the Tobacco 
Advisory Council (TAC) in 1965-1987 for initiation, the survey 
of the TAC in 1948-1975 and the General Household Survey 
in 1972-2005 for prevalence, and the WHO mortality 
database for lung cancer mortality in 1950-2009. 
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initiation clearly increased (table 1), and the age at 
which the mortality exceeded 1 per 1000 became 
younger (75-79 to 60-64 years old). Between the 
late-1920s cohorts and the mid-1 930s cohorts the mortal- 
ity decreased. Correspondingly, decreases in initiation 
and prevalence were seen. After the mid-1 930s cohort, 
initiation and prevalence in 16-19 and 20-24 years old 
increased again, but prevalence in 50-59 years old did 
not increase. The mortality increased after they became 
60-64 years old. 



DISCUSSION 

In this paper, we quantitatively showed the long-term 
trends of smoking initiation in Great Britain focusing on 
birth cohorts. Clear relationships were seen between 
smoking initiation and lung cancer mortality. The male 
cohorts with high smoking initiation in their teens had 
high lung cancer mortality. Clear increases in smoking 
initiation among female cohorts corresponded to the 
increases in lung cancer mortality. In women, smoking 
initiation increased after the mid-1 930s cohorts, and 
their lung cancer mortality increased after 60-64 years 
of age. This suggests a long time lag between smoking 
initiation and lung cancer mortality. 

Strength and weakness of the study 

The age of smoking initiation was surveyed in 1954 in 
Denmark,^ in 1970 in the USA^ and in some other coun- 
tries. The survey in 1965 in Great Britain provides some 
of the oldest data about smoking initiation, and the 
repeated survey about initiation and mortality data in 
enough scale population provide stable estimates in this 
study. The cumulative initiation in this study was based on 
retrospective questionnaires. In the elderly, cumulative 
initiation may be underestimated because people who 
started smoking earlier tended to die younger. Elderly 
may also report older age of initiation than their actual 
age of initiation. However, these biases would not change 
the finding that cohorts with high initiation showed high 
lung cancer mortality because elderly men showed the 
highest initiation. Considering the large differences in 
cumulative initiation across cohorts of elderly women, 
the possible underestimation would not change the 
finding that the clear increases of initiation corre- 
sponded with the increases in lung cancer mortality. 
Since 1908, the sale of tobacco to children under the age 
of 16 has been prohibited. The age rose to 18 in 2007. 
The cumulative initiation at the age of 15 was about 30% 
other than around the mid-1 930s birth cohorts in men, 
but it changed largely in women. These suggest that 
social norms about the smoking were not changed 
largely in male children, but these were changed in 
female children. Women under tight social norms might 
report older age of initiation than their actual age of initi- 
ation. However, considering the high cumulative initi- 
ation at the age of 24 (about 50%), the social norm 



would not be so strict compared to some other countries 
and this possible bias would not change the findings. 

Strength and weakness in relation to other studies 

Relationships between smoking prevalence in adults and 
lung cancer mortality have been analysed by various 
authors. However, smoking initiation and lung 
cancer mortality in later life by birth cohort have rarely 
been presented together regardless of its importance. 
To interpret the lung cancer mortality of a particular 
age, we ideally need to know not only smoking in the 
recent past but also smoking in their teens or 20s. 
Starting to smoke before 15 years of age greatly increases 
mortality from lung cancer and other diseases. The 
duration of smoking is a strong determinant of lung 
cancer mortality, and early smoking initiation is corre- 
lated with the duration. Furthermore, earlier smoking 
initiation may be associated with greater risk because 
early exposure to tobacco products may enhance DNA 
damage. Smoking prevalence in later ages and 
amounts of smoking also affect lung cancer mortality. 
There are reports for smoking prevalence in several 
countries, but data for prevalence in the late 19th and 
the first half of the 20th century are missing or uncer- 
tain. This means that parts of smoking prevalence are 
missing for the cohorts whose lung cancer mortality in 
later ages has been already observed. In Great Britain, 
the age-specific prevalence before 1948 is unclear. In 
the surveys from 1948, several age categories for the 
reported prevalence, such as 35-59-year-olds, were too 
wide to define birth cohorts. Similar to the prevalence, 
the available data for consumption per smoker by age 
group are limited.^ The later cohorts showed larger con- 
sumption until about the 1950s birth cohorts (see 
online supplementary figures SI and S2), but the lung 
cancer mortality in later ages around these cohorts has 
not been observed yet. 

Unanswered questions and future research 

After the mid-1 920s cohorts, lung cancer mortality at 
later ages has not yet been observed. Future data will 
reveal the impacts of increasing early initiation in women 
and the combined impacts of high early initiation and 
decreasing prevalence in men on lung cancer mortality 
at later ages. These are ecological comparisons, and accu- 
mulation of consistent results among countries is desir- 
able. Short-term decreases and increases in prevalence in 
young men and women occurred between 1948 and early 
1960, and the troughs were seen in 1955."^ This pattern of 
the changes was not seen in older ages. These troughs in 
1955 correspond to the troughs seen in the mid-1 930s 
cohorts in figures 1 and 2. Several medical papers about 
smoking and adverse health effects published in 1950 are 
a possible reason of the decrease in prevalence of young 
people. Subsequent controversy of the adverse health 
effects and the increase of sales of filtered cigarettes are 
possible reasons of the increase after the mid-1 930s 
cohorts. The differences in prevalence among these 
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cohorts in women were clearer than those in men, and 
correspondingly the troughs in female lung cancer mor- 
tality in 60-64 years old or older were seen. Steep 
decreases and subsequent unclear decreases were seen in 
men too. The mortality in later ages has not yet been 
observed. In both men and women, increases were not 
seen in the prevalence in 50-59 years old between the 
mid-1 930s and the early-1940s cohorts. A possible reason 
is that the age at which smokers start to quit has 
decreased in later cohorts, so that the prevalence in later 
ages was lower in later cohorts. 

Smoking cessation greatly reduces mortality.^^ 
Based on a prospective cohort study among male British 
doctors, if people stop smoking before 30 years of age the 
risk almost disappears. However, it is unclear that the 
result can be generalised to those who started smoking 
from a very young age. It is also unclear as to whether 
mortality later in life is the same level as in non-smokers. 

Tobacco use causes many other adverse health effects. 
Especially global mortality from chronic obstructive pul- 
monary disease (COPD) is high.^ In Great Britain, the 
mortality from COPD showed similar trends with lung 
cancer mortality (see online supplementary figures S3 
and S4). In men, the mortality was high in the older 
cohorts and decreased with birth year. In women, the 
mortality increased clearly until the mid-1920s cohorts, 
and then decreased. Compared to the lung cancer mortal- 
ity, increases in mortality with age were larger over 
75-79 years old. More comprehensive studies about 
adverse health effects caused by tobacco use are desirable. 

Implications for clinicians and policymakers 

Monitoring is one of policies against the tobacco epi- 
demic.^ Because this study showed the long time lag 
between smoking initiation and lung cancer mortality 
within cohorts compared with possible rapid changes in 
smoking habits across cohorts, age-specific measures 
focusing on birth cohorts should be monitored. A 
repeated cross-sectional nationwide survey is suited to 
obtain long-term population data.^^ The results should 
be reported by age so that birth cohorts can be specified. 
If age categories have the same intervals, birth cohorts 
can be easily specified. In a cohort, cumulative smoking 
initiation tends to increase steeply with age, so the initi- 
ation age should be reported by detailed categories. 

For cohorts born in the 19th century, smoking initi- 
ation and lung cancer mortality at younger ages were 
unclear even in this study. Lung cancer mortality is used 
as an indicator of past smoking habits due to its strong 
relationship to smoking. Lung cancer mortality in non- 
smokers was less than 1 per 1000 even at 80-84 years of 
age.^^ Based on the WHO mortality database,^ lung 
cancer mortality in a birth cohort has rarely exceeded 1 
per 1000 at 45-49 years old or 10 per 1000 even at 80- 
84 years old to date, with few exceptions. The mortality 
from lung and pleural cancer in England and Wales from 
1911 was reported.^^ From the late-1860s to the 
mid-1 880s cohorts of men in England and Wales, the age 



at which the mortality from lung and pleural cancer 
exceeded 1 per 1000 quickly became younger (from >79 
to 55-59 years old). Considering these values, male 1900s 
cohorts experienced one of the highest lung cancer mor- 
tality and probably one of the worst smoking habit. In the 
early 1900s, lung cancer was a rare disease. Most men 
in the 1900s cohorts started smoking in their teens. In 
the mid-1970s, over a half century later, the 
age-standardised male lung cancer mortality peaked in 
England and Wales. 

The great majority of smokers begin to use tobacco 
before the age of 18 in most coun tries. However, most 
data about smoking initiation have been collected in 
recent decades and/ or from developed countries. There 
are large differences in smoking initiation across birth 
cohorts in a country and across countries. For example, 
in Japan, smoking by minors under 20 years of age has 
been banned since 1900, and male lung cancer mortality 
has been relatively low (exceeded 1 per 1000 at 60- 
64 years old or older) in spite of high smoking preva- 
lence. Countries with rapid increases in smoking initi- 
ation in teens should not underestimate the risk in the 
distant future and should take swift action to prevent 
smoking and to promote early cessation. 
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